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Introduction
Osteoporosis is a systemic disease that results in reduced bone mass and poor trabecular structure. It is defined as "a skeletal disorder characterized by compromised bone strength predisposing to an increased risk of fracture [1] ". Bone strength is associated with 2 factors: bone density and bone quality, contributing about 70% and 30% respectively. Bone tissue quality is related to the microstructure, metabolic turnover, micro-damage, calcification, and collagen crosslinking. Bone density is an important parameter in predicting fracture. However, fracture risk increases with age, even if bone density remains constant [2] . Therefore, it is necessary to improve not only bone density but also bone quality, including bone strength.
LeGeros' research group developed a calcium phosphate-based supplement (synthetic diet: SD) for osteoporosis treatment in recent years [3] . The SD consists of magnesium (Mg), zinc (Zn) and fluoride (F) ions incorporated in the carbonate apatite.
This study aimed to determine changes in Bone Mineral Density (BMD) and strength induced by the SD using micro-CT and the 3-point bending test.
Materials and Methods

Experimental animals
Eight female Wistar rats (Sankyo Labo Service Co., Tokyo, Japan) 19 weeks-old, were used. The experimental protocol was approved by the animal experiment ethics committee of the School of Dentistry at Matsudo. The eight rats were randomly distributed into 2 groups (n=4 per group). Group 1consisted of ovariectomized rats (OVX) provided with a normal mineral diet (NMD, Table 1 , AIN-93M, Nosan Co., Yokohama, Japan). Group 2 consisted of OVX rats provided with the SD (Table 1 , Oriental Yeast Co., Tokyo, Japan). The body weights of all rats were measured at baseline and 8 weeks after surgery. All animals were then euthanized with carbon dioxide at 8 weeks after surgery, and bilateral femora were removed.
Measurements of bone mineral density (BMD) and threedimensional color mapping (3D-map)
Micro-CT settings: Femoral micro-CT images ( Figure 1A ) were acquired setting the measurement range at the middle point region of the full femoral length measured using calipers ( Figure 1B ). The micro-CT was carried out using a R_mCT (Rigaku Co., Japan). The value of BMD was measured using TRI/3D-Bon BMD software (TRI/3D; Ratoc System Engineering Co., Japan). Three-dimensional color mapping (3D-map) of the BMD distributions was carried out using TRI/3D image analysis software.
Measurements of bone strength
Bone strength was measured using an Instron type testing machine system ( Figure 1C ), TG-5kN, Minebea Co., Japan). Bending force was loaded on the middle point of the bone length at 5.0 mm/min.
Statistical analysis
The means and standard deviations of body weight, BMD, and bone strength were calculated for each group and compared using Student's t-test.
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A New Synthetic Diet
Results
Body weight
BMD
Changes in BMD with time for each group are shown in Table 2 . The BMD values for the 2 groups at 8 weeks were as follows: NMD: 1215.8 ± 6.4 mg/cm 3 and SD: 1218.9 ± 10.1 mg/cm 3 . The BMD was not significantly for 2 groups at 8 weeks. But Group 2 became a trend higher than BMD.
Bone strength
Changes in Bone strength with time for each group are shown in Table 2 . The bone strength values for the 2 groups at 8 weeks were as follows: Group 1: 148.5 ± 7.7 N and Group 2:165.7 ± 5.3 N. The bone strength was significantly higher for Group 2compared with Group1. Figure 2 shows the 3D-map for the 2 groups after 8 weeks. For Group 1, the density of the exterior of the cortical bone was high, and the density of the region adjacent to the marrow cavity was low. The values of Group 2 were similar. For Z-axis, density of Group 2 indicated higher than Group 1.
3D-map
Discussion
LeGeros R.Z. had carried out many researches on calcium phosphate-based bone substitute materials that are used for teeth or bone replacement, bone repair, augmentation, or regeneration [4] [5] [6] . The present study using rats demonstrates the effects of estrogen deficiency (ovariectomy) alone or combined with SD on bone quality (density and strength) as assessed by 3D-mapand the 3-point bending test. The analytical system employing micro-CT and TRI/3D used in this study is capable of 3D visualization of the bone structure, qualitative analysis by pseudocolor rendering, and quantitative analysis of BMD [7] [8] [9] . In conventional micro-CT imaging, black and white images are evaluated because the color intensity representing X-ray penetration and non-penetration through materials is judged. Moreover, it is difficult to observe changes in bone quality with regard to the BMD presented in 3D-map in conventional X-ray or pathological images, suggesting the usefulness of this analytical system including micro-CT. Furthermore, much useful information can be obtained by a single determination because this analytical system is capable of qualitative and quantitative analyses.
Using SD, Mijares et al. [3] reported that rats received SD had shown more bone formation and calcification of the mandible bone compared with the rats received NMD. The results of our present study support these findings. This experiment was able to the relationship between the calcification and the bone change. More importantly this study demonstrated the therapeutic efficacy of SD preparations when used as a supplement to a NMD. Ingested SD may have the potential as an osteoporosis therapeutic agent induced by estrogen deficiency.
Conclusion
The extra-elements incorporated carbonate apatite diet successfully recovered the bone mineral density and strength for the ovariectomized rats. The results indicated that the new synthetic diet may be one of the selections for osteoporotic therapeutic agent. Group 2 1218.9 ± 10.1 165.7 ± 5.3 Table 2 : Bone mineral density and bone strength of femoral mid-shaft for the 2 groups 8 weeks after the surgery.
